Research has shown that wheelchair use in long term paraplegia is associated with upper limb pain and degeneration that interferes with the independent performance of activities of daily living. This paper proposes a model to explain the development of upper limb problems in persons with long term paraplegia, and one that will guide in the prevention and management of this type of long term complication.
Introduction
Improvements in technology and health care have increased the life expectancy of persons sustaining a major spinal cord injury (SCI). The life expectancy of persons with paraplegia is now close to that of the able bodied population.l Society's improved awareness of the capabilities and needs of persons with disabilities has removed many physical and attitudinal barriers and has in turn often created new expectations for this group. More options are now available, and persons with paraplegia achieve independ ent and very active life roles including employer, employee, parent, homemaker, and athlete. Maintenance of the high levels of independence normally attained by per sons with SCI hinges on the integrity of their upper limbs. Life in a wheelchair, including wheeling and repeated lifting of body weight during transfers, places great demands on the bones, joints, and soft tissues of the upper extremities that exceed those on able bodied persons. The focus of rehabilitation and research has traditionally been on the acute, restorative, and early postdischarge phases of care. Now, as more persons with paraplegia are surviving into later life, a new set of problens has arisen as aging is superimposed on preexisting disability.
Occupational and sport related overuse conditions in the able bodied population have received considerable attention in the literature. But only a few studies have examined changes in arm function and the development of overuse related upper limb pathology in long term wheelchair and crutch users. The research to date suggests that mobility aid users are predisposed to developing upper exremity pain and patho logy over time. Table I summarizes that literature.
Methods
In addition to pain prevalence, it is impor tant to determine the impact of upper limb problems on daily function. In our study of 52 persons with paraplegia (mean age 44 years; mean duration of SCI 17 years) we asked subjects when the upper limb pain occurred.l1 A very high prevalence (60%) of upper limb pain was reported by the SCI group. The tasks most commonly reported to elicit upper limb pain (work/school, transfers, outdoor wheeling, driving) are also the activities that allow interaction in the community and are associated with roles that are important for independence and self esteem. Clearly, it is important to minimize the development of upper limb problems in the wheelchair user; both for the individual's comfort and quality of life, and to minimize lost productivity and in creased health and support care costs to society. In order to know how and where to intervene, we need to understand how, why, and when upper limb problems seem to develop in this population. Based on our work, there appear to be a number of key factors that interact in the development of upper limb problems in persons with para plegia (Fig 1) . 
Behaviour and lifestyle
Unlike the lower limbs, the upper were designed for mobility, at the expense of stability Y Wheelchair use places significant stability and mobility demands on the upper limbs. To date there has been very little research on the biomechanics and kine matics of wheelchair activities, other than in elite wheelchair athletes. The musculoskeletal system can adapt to stresses, and indeed moderate stresses are essential to stimulate and maintain its integ rity (e.g. increased muscle strength or en durance; higher bone density; enhanced articular cartilage nutrition, metabolic activ ity and healing; improved tendon and liga ment resilience). But periods of unusually high or long activity or stresses in ranges to which the tissues are unaccustomed will cause damage. Without rest and healing, this injury can become chronic. Some stud ies have attempted to determine the effects of different types of stress on the upper limbs. Articular cartilage has been shown to be fairly resistant to rubbing, but is vulner able to repetitive impulse 10ading. 13 In the industrial and sports overuse literature, the most common kinematic culprit causing overuse seems to be repetitive movements, sometimes in the magnitude of 25,000 repe titions per day on an assembly line, and vibration stresses from hand held power equipment. Neither of these are normally inherent in wheelchair use. What are inher ent seem to be stresses either of a magnitude or in a range for which the upper limb is untrained.
The main factors precipitating overuse in the shoulder appear to be: (1) 
Age-related changes in the musculoskeletal system
It is generally well accepted that there are age-related declines in the musculoskeletal system. Therefore the wheelchair user may find that some activities become more dif ficult or impossible, the risk of injury increases, and the importance of maintain ing condition is highlighted. For the wheel chair user who already experiences upper limb overuse problems, age-related declines in function can be more devastating.
In the general population, there are rela tively small strength losses with age until the sixth or seventh decade ( < 20% ).24 Strength losses then accelerate beyond the seventh decade. However, strength is trainable until very late in life, and activity and condition ing can help to offset age-related strength losses. Articular cartilage (AC) also de teriorates over time; however, it is not clear to what extent the phenomena of aging, wear and tear, and osteoarthritis (OA) are discrete or interactive processes . The ef fects of aging on AC become evident in the third decade, increase slowly until the fifth, and then become rapid so that they are very common in those over 70 years of age. 2 
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The process appears to proceed at different rates in different joints, with the shoulder showing relatively early degenerative signs. Age-related AC changes include thinning, decreased tensile strength, roughening, and increased joint congruity. This increase in congruity is seen as undesirable since some incongruity is necessary for the mechanics of synovial fluid circulation and hence ade quate cartilage nutrition. 2 7 , 2 8 Age-related declines in the musculo skeletal system will interact with the wheel chair user's past and present behaviour and lifesyle as well as with his or her predispos ing characteristics (previous upper limb trauma, joint abnormalities, disease such as rheumatoid arthritis) and may significantly exacerbate the development of overuse problems. But it is important to recognize that the maintenance of good physical con dition can be of significant benefit in off setting age-related declines. In addition, modifying ADL techniques or the environ ment and assistive devices can eliminate sudden, unusual, or heavy stress on the upper limbs.
Environment
The environment and assistive device design More research is needed that examines the biomechanics and kinematics of daily wheelchair activities. This will give a basis on which to better design and develop suitable environments and assistive devices for the wheelchair user.
Conclusions
Based on our research, upper limb pain that interferes with daily function does tend to occur over time in persons with paraplegia who use wheelchairs. This appears to be due to an interaction of four general factors:
(1) the SCI individual's physical predis position to upper limb overuse; (2) his or her behaviour and lifestyle; (3) age-related changes in the musculoskeletal system; and (4) the environment in which the individual must function. These findings have numer ous implications for the spinal cord injured, and the broad range of disciplines who work with this population.
Persons with paraplegia need to realize the importance of respecting and protecting their upper limbs as an essential resource to their continued independence. Persons who use wheelchairs should be educated regard ing joint protection and upper exremity conditioning techniques, including strength ening and flexibility programs. They need to be educated about the importance of warm ing up before stressing the upper limbs, including, for example, before the first transfer out of bed in the morning. They also need to understand that musculo skeletal training benefits are limited to the range of motions within which the training took place. Therefore, they must exercise caution and avoid sudden or unusual stres ses for which their arms are not conditioned, such as toilet transfers in inaccessible wash rooms, or long distance pushes which they have not trained for gradually. They need to be encouraged to consult with health care service providers as soon as pain or overuse problems begin. Problem solving and treat ment strategies will have a greater chance of being effective if begun early. Early identifi cation of overuse problems may allow inter vention before the condition becomes chronic.
Coaches and trainers need to understand the importance of ensuring that wheelchair using athletes progress their training appro priately. Unlike the able bodied athlete, lower limb disabled athletes cannot easily rest the upper limbs after a training session.
This creates fertile ground for overuse injuries.
Service delivery planners and those who determine insurance settlements need to consider that upper limb pain and weakness, and subsequent difficulties with the inde pendent performance of ADL should be expected to develop in this population, and that the onset appears often to occur 10-15 years after the SCI or sooner.
For persons who use a wheelchair, it is important to ensure the availability of ap propriate assistive devices. Of particular importance are ergonomically designed per sonal and public environments that mini mize the stresses on the upper limbs, with features such as lowered work and storage surfaces, and barrier-free entrances and facilities. There is a need to educate persons with paraplegia as to work simplification and alternative ADL methods so that they can reduce heavy or repetitive stresses on their upper limbs. The skills to perform a variety of transfer, and even propulsion, techniques would enable a person not only to avoid problems associated with repetitive use, but also to devise safe movements when in an unfamiliar environment, and to be Further research needed in this area includes information that will add to the understanding of the kinematics and bio mechanics of wheelchair use by the typical user (as opposed to the elite athlete) and the effect of posture, positioning, environment, and assistive devices for moderating stresses in the upper limbs. There is a need for the implemetation and evaluation of upper limb overuse prevention and management pro grams for persons who use wheelchairs. There is also a need for more research that examines changes with age in persons with severe disability; physically, functionally, and psychosocially.
